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r-( n<D^mm^^mmm.!^its.mm (otdr) 

h^frJcoTjffil^g-r-SiBlJ^Xgt, 

MSB 2 ttffi(C*3ltseSa$^«M^i-* <h HfifB7t7 T 

r-rA'oe^a^^rBtFBlffiJSg^feSWS (OTDR) (CJ; 

HfilB 2 <^ffitci5ttseftl«*©MiJ-* t. \zmmty r 

-f /^'<D^-^>fIJ#^g:m-r-5ffaixs^^f :i <i:^# 

^1 1 7 IB«©^7 r -f /t© 7 v >-^iJ 

;i t ^'l^^t.'t^mim. 1 TbS 9 IBtt©3t :7 y -f A*<D ^ 

V ymwmsv-^ y^m^mm^-^m. 

ifi!j5fr^C:tt:i|#«SfrS»*JSl7!»Ml 



ja^^^m-r sxs^^ty ;i t i-r^if 3}^j« 2 ib 

tWs^JS 10) 1 :30-rX h^jfeftfc^ViX 1 J!JA±© 
mWtWi^ tc o 1/ i T o ^ -7 >ftj#i^j: L 7 V >fijf#^^ 

^su^-rsw^xsi:, 

Bu iBStexe 5r i o Tt# e. n;t 7 V >?ij# i , ^ v >f 0 

fi{Ct3ft^^V>fiJ#7!;S^V>fiJ#5fj)^5$Sa:i-f-^X 

y -f A-w 7 V >f ij#Ryc7 -7 ywmim&'^m, 
[»*^ 1 1 ] mtSBJB!l«XiS«, ff\'&<Dy.^^ 

CD7=-7. h7tifeS?:5J0m-r7t7^-;Pi5'X@i:> 

M D 7t ^SU^T ^ J?) ©TtMSXS ^-^tJ ;i t ^!t#^ t 

■rs«*J«l7iSl OfB«©7t7r-rA'®7V>?iJ#R 

[f»*3Sl2] HirlB»J^Xgtt> 5^Xh7ti 

<nm^^m<m.\zwmt^-xM.^^t^ z. t t-r s 

T ;K75^it;(Dii w s^mrs ^ tcus-ri. xs 

;i t *4#@<h-r «>»*3S 4 7!)S 5 fB««^t7 T A'© 7 

[«*JS14] mIiBi5!iie3tiafiXig«. S!ije3tm:'3<? 

ihB#i:llS7ttil;f3^©OTDRi7'^:7:^t, ^.g^-x hTt 

<t -5 PSr •SX^^-g-tf C i *if#® i-r-SRsRJK 1 75M 
6 |S«©7t 7 T -f A'© 7 V >flJ»RtX7 V >f fj#S4^sy 

cfcr/f?±o 2 tt^{c-r)i.iTButB^7 y</N*©e»a^s 

OTDR (M'^^mtmM) €rfflViT»J5eb. 

MsB 2 ^^liweSJi^oM^^ t HufB7te7 t /n'o 

^^ymm^wmr^y-^ymnwrnnm^m^i^ ^ t 

[ff3}<Jii6] ^i^y^ymm^mmvmn^^^m 
t^^yy-i nil. m&%\hts^mmi-t^'^mrmm^ 

ilS<i:. MIB^^r-fA'tc^X f^^t^A^'jL', mK)%^m 

ffif -5 <>: {x«t 0 mi23t 7 7 ■< no&^m^^m&'t ^ 
m^^m^m7Lt:Ly^ym%mJ^y'^ymmimmmm 

Be 

[««JS 1 7 ] MIB«^JB!l^^^«. h(IIB^7 r -f /N' 
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o T D R stegg ■^n^z.t^^m.t-r^m 

ffi:^j-r-5::i:Sr#iS:i:r«)W*^i efB^w^fe^r-f A 

m^m 2 0 ] HtissbSTtjsra. d f b i^— y-'t?*^ 

ZDSF. DS F<DVi-:?n*^-ecb-l)C:<i:^!^gi[i:-r*B* 

[0 0 0 1] 
[0 0 0 2] 

Aeiig§g#^«<ii«#:i-r^7t7r-f/\'T>y. ^j^ 

v-XT^AtC^StiT, ^J-^'^v>Jii|S (D i s t r i bu 
ted Raman Amp lification:D 

RA) ^\^^'^WM(D^mit\z\^ntz.mmtmhj'Z'^^^. 

^ V >i«i|S i tt U ;^ ;y ^ X t:^^ $ n S 7t 7 T -r A 
m^^ii- ft^^tJ: OJljg^:^^'^ 1 3 TH z St^IftE^ 

^mmz^K). W)is.9t(Dai^}v^-<D-w>f)mn^\zn. 



n ^ ^ -7 >f |J# n 7 7 ;i/ <h P?^<o la 5 H 7 -7 >f ij# 

[0 0 0 4] ■^tz, ^^^-^ymmii^t. m^^^B.m 
-t^^yr-(n\zWim^^xts\^. ^yr^n^m.^^ 

jf^^y-^ymm^'&mx^rc^y r-^ nB^^yT.^!^-^ 
(Dn^-i^tz.\t.^m^m^\ziin^mm^^m.^ • 

[0 0 0 5] JlJiT. fie*CO^e3tv-X5^A{C*3tt^»J^ 

^^stc-^v^TittBj-r-So Sit, ^i^Ttt, ±tB« 
^7te®A;'jk'^;n«iS(D^f', ^yr^nmvmim^ 

m^^^. mmji^hu. ^y 7 n\z'D\^^xmm%m<D 
nu-imznv. smfflijcDtf-m^&T, En<^^^(Dn 

iYf<Dmn^^mmmw\zx:h\^tz.m^\z. -e 

B) ^"y^ymn^m (dS/W) 5V>^iJ# 

CO 7 T-r/Mc J; oTS/j:§o -e-WStefi, 
^ V >*iJ»S!i^*i^:- H 7 H G e O 2 ^iq 
fi, tK (OH) cD®itX/j;t't'J;oTfe*$n«.fci6TS 

0, ;ine.tt7T-rAcoam. ^^mm. ^ 

mzmwm^(Di>ty 7^ /mm^'Sim^tc^y r-r 

^•rymm<D^^ymmii^(Dmmi. se*, ia2©j; 

h^m 1 2 0 ^m^. m:^<Dmzm&^^&t.'TX h^t 

i^&^^^^-r^WDU (Wavelength Di 
vision Multiplex) tlZf^ 114 $:1S 
WDMtJZf'yl 1 4©S6ie^ife«m7j?-h}ci!i® 
TtiiM 1 4 0 ^ffix.. h iZity'X hTt 

A'7-^2Sy3£T^fcis&<7)S:^g§l 3 O^iiA-g.0 
1 3 Oi:bT«, fct;l«7t7>'<i7 K ^AT:^^^ If, 
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n^7-7.v%nr)- (pii:ii?^>) ^aij^TSo 'A\zm 

[0 0 0 6] 

hm^m. 1 2 0 i:, mmzmm.-^ ntz^ytm i so^m 
W]Vxmi^Lm^-r^!ii'm-f}^$>^. ^tz, m\^^n-o^ 

TVi/i. ^tzm^ojmtamm^zmimmm^^cDmmmm 

[0 0 0 7] ^fz. mw^mm<Dmmm&izMLx^n'e 
npfim<D^^iz^if^y-7>mm9j}m^nrz\^^m'^. m 

K>. nxh. ifimitt\^^-orzmxmm-A^$>-otz. 

x\ *^BaT«i^©5^xN7t!feft&ffl^^T. m^mm 

(DmEt&m\zMLx'tn^'nmm<D&&\zi5i'i-^y-^> 

[0 0 0 8] 

^ntzytyr^ A-ei^gg© ^ -7 >itffif s « ^ v 
[0 0 0 9] T^m^mit. mm^^mtiis^zsw±i^fz 

ItJ* (OTDR) tCj;2.-5^X h^{'=k-3T?SiJ«T5?SiJS 

[0 0 10] ^Ac. »^^v>tii|is^®fflLm^7t^e 
m-r^^yr^z-^iz-^^^x. mts^mti^mm-r^mm 
^mmumt. mBmfs^=s:tiitiisj:Ui^±Ltz^m\z 

(OTDR) tCcfc^T^T. h7t{'J;oTSiJ«-r-5iH!l«lS 

iz, mti2^miziii^^&mm^(Dm^^'bnzmmyt 



yr^/^oy-^ymn^wmr^maxm^mz.^ z t 

[0 0 11] se.fr. H«B2sij^xe«, ■^^izmmwia 
i^fzy-^ymn^mmytz-^u-x^n-r^ :i tjc j; o # 

[0 0 12] $e>{C. Mf2jlteXStt. "rXh^^Xil 
[0 0 131 S/i, tirfSfflil5tXi@tt, •xX K^<lrA:^-r 

[0 0 14] wtST^x h^tiais^tto^ftMBiH 
[0 0 15] sfc, WE^^T. hyttmmyt<Dmm^mm 

[0 0 16] $e.tc. *l^%B;5«l-:3CD7^Xh7tS*fc 

[0 0 17] ^M<Dmumz-o\.^x(Dy-^>%m-fuy 

[0 0 18] *fc> l-DOy^Xh^^&iZ-D^^X lKk± 

<Dmm^^&\z-:Di^x(Dy-rymm£^^vy-^>nn^ 

ftficD ^ >f lj# t;- ^ feg *3 -5 ^ ■n' >f lJt#StK ^ 

[0 0 19] ^tz. mmm&x.mit. m^oix^i^ hjv 
^m^-r^rzisbo:>%mmxm^'^tszt^<^m.t-r^. 

[0 0 2 0] StfgBjfiS^XStt, ^^\Z. T^Xh^iibT 
fflViSAji.xjtX'^i^ h;Hi*OTDRai|5gS^g|«)ia 

[0 0 2 1] HufeSy^Xg«, S?>(C. 7^Xh^<hUT 

)U(D^^t(Dmm^^m'r^^\zmm-r^j:m^'^tszii 
[0 0 2 2] mmmm^mmjimit. mi&^iiii]i^±m 

i:mm^liitim<DOTDRifyyi}^. mFfB^^X h3t{'ck 

iSS-r^X@Sr'&t;cii:^1#gi<h-r^o *%BJ®^7 r 

y^>mm>s:mm vm^^^mm-r^yty r -i n\zx-h 

m^^\z^^xm^-^tvtzmmt(rix-n^^-a't^±(n, 2 
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[0 0 2 31 *%W©:9-^&7V>iii|i>£igffiL^t 

[0 0 2 4] HiifBa^zPi)^^g:«. mm^yr-i 
[0 0 2 5] mrgai*^zite¥©tt. ttifs 

[0 0 2 6] 

*^ 6ft!i;^<D>^ST<De»Js^*o T D R ^ffiTSij^-r 
B sg«)^HUifi^ ics-r s * T \zmm^ t.m:)s\P\ t-e 

SL?:j:7i^e.S:t-t7t7-x'>^iJ# : EI3 mK>m^A^\Z 

fW# : |gl4 0fqTa5-&<, em8S«B)S®^BUjfi^§T*D 
^MD3td^^^lU:^nseflllfl* (dB) <£LltL., 
S!)e7t^m;^jLfcttMTOTDRzgl|^*tTl.^ ei^SS© 

(dB) *L2i:f-S^r, ^v>*ij»©:*:^$a7^;^ h 

i*. L2*^?)L l?rMSLfc*)CD$l/2fg-r^:i<i: 

(dB/w) ^sm-rsciir^^m*^. 

[0 0 2 7] I-^CDt^X h7t&J:(Cj;^ffite*^ 

■r ^ ^ -7 >f ^aij« b , $ e> tc ^ -7 >mnya y 
mn^mtzmi.-t^. 

[0 0 2 8] 

mm(Dmm(Dmm} mz, :^^m<Dmmmiz'Di,^Tm 



^.^o EI 1 cO^figtctJl^T, &M^<D~:fj(DlQ\zm^^ 
^ALy^y^ h^m&^-^^m-r^VfDMtjyfy 1 1 4€r 

mm-t^, wDuij-ify 1 1 4©i!)e3tife«5j?-hfri(i 

e^tag 1 4 0 trU^, xXh7t!S:S#-hiC«7^jS:g:7 
^-jl/^ 1 1 6. 5' 115, OTDRSMl 

1 OOjiitiSiBg-r^. 

[0 0 2 9] *^?gT«7V>fiJ#3as^^il!l^-rSfc* 
\Z. OTDR (Opt ical Time-Domai 
n Reflectometry: m^mi^^RMM 
^) S«l 1 O^fflViS, 

[0 0 3 0] OTDRtfi, ^^r'f A*eM8SfiO— 

m::>jmsnzj^^mK)^^mm^mm^-t^:ziix\ ^y 

m$nSA;UX7tA'7-«AltSS<i:Mit.'^*a«LTVi 

So 

[0 0 3 1] M03tO^^SH{C«, 7T-f A'OS^;^ 

^5flg.^-ee r s 7 u^juKS^ t.ytyr-f /•^x'mmmiz& 

fc'5-:«fO^*B^<hli¥^, 136 (a) , (b) «OT 

DRTSiJ^$n-5.H'97t/'^'7-^^L^c:t>CDT, ^tttt 

TTtt, :i<D^^ti.ifyy^OTDRif^yLW-Z^, m 
6 (a) , (b) T«BS8£t^1>®eM8S"t'TU-U-«C 
SLti.^cOMD3ta»^b;^£(.^. EI6 (a) BS^^T 
^ V U-^^T*R»i^^$nTt,iS«'&$:S^bT43 

*tOlc;S:oTVi-5. 06 (b) BS^f^ r-T A*0^ 

-U-miCJ;SM0^75iOtC/&oTViS. eSISSSrO 
TDRffliJ^bfc«-&. OTDR^7:7fJ, BSffifCcfeV^T 

06 (a) (b) Oct-5/oJ!t#^*^-ro fifoTin 

© J; ^ fj.^m^ 5 A3g;0^ 6 BSS^T'CDSS^^as d <h*>* 
ASS*^e.Bi^©^Hl}jfi^*Te»bfcAJl/X^© 

[0 0 3 2] *lliffi^»JT«7=-7. hTtt/^C^OTDRA;!/ 
T.TtOT.'^^' h;Hli^!|*{Cl nmtb;t<, T^XhTtSS 

T', 7V>tii|(i{cJ;sa^Si:ffiiiti3t (Amp i i f i 

ed SpontaneousEmissionrAS 
E) ^m^V. AS E^{Cj;SOTDR©g:7tli«fiaft 
^RrV^fc*. OTDRW§3tt§*«fia?n-a-r, A^OB 

[0 0 3 3] 'Aizm^^miz-oi^xmmt^o *-r®s 
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(dB) (n<hp?4<) ^n^. 'Aizmis^yt^tatii^tz. 
±u^mom^ib^m^n^mmm^ (dB) (L2<h 

ckp;ic*#^ilfc-rB,^tcoViT©eiStl*?:*J6^ei 

[0 0 3 4] ^^\z^\^'z%m^%mts'i^±nt.mmn. 

mzfi^^ nmmtn "7 - * M'> ^ -a-n«^ I. 

«31-Z:«ejll?&7T-f A*<hLT8 0 km®>^>^;Pt-h* 
7T-fA* (SMF) Sr, ®!lS^S*<tLTl 4 6 3. 8 
nm^. h7tejSS<i:UTttS!)e7fe?SfiJ;0fc 1 3T 
HzJ^iS^*^{ftt,i 1 5 6 2. 2nm*fflVi, 14^7^00^ 
^'j/l'?-?: 1 6 emWtbTt, -f-Wi^*, I1I7WOTD 
Ri*'7:7lC^T^5{C:L 1 = 1 7 d B, L2=12dB 
T$)t9, 5V>$iJ#i:LTL 2-L 1 = 5. 0dB;^)^*5t< 

0. ldB/W^#;to la 8 (i**Jli?iJ«®!;Sefeft. x 

[0 0 3 5] Sfc, *IIJfi0iJ-t?tt?X h^tCDX'^^ 

DRSiJ^*^5FS^tc;Jc^<tVi^»^J€:lSf^;^^<i:. OT 
D R »J«*«:^^^ (c /ft e> fj: ViiSS/A < . 75^ o 7 T >fiJt# 
•:fay7-(Jl'(D^^t(DmmizMl^x+^m^:^^i7 hJl^ 
ifiTa5 S d <h A^^f^ <h fj: ^ . 
[0 0 3 6] ^USS^J-ettT^X h7l6i:L-T> D F B (D 
istributed FeedBack) l^— 1f— 

[0 0 3 7] ^coftfi, 

<Di-electric) ^'<:/*jgffl 

fflfe#^4TS)?>. ^JA«. >if (Gt a t i 

ng) ^-r T^jSS^^-;!/^, :7ryj^D— (Fabr 



y -Perot) ^-f T^jftS^-i' ;i/iS', ■7yJ\y:c>^ 
(Mach-Zehnder) T^th^'-f T'iSfi^-f ;l/ 

[0 0 3 8] SbtC, mmm-XHt^yyy^:^-^iZ-ry 
IWy-y^f (Mach-Zehnder) ^^tf^'f-/ 

-f x«iifflt)*3aT^-5o mmi^^mm (d i 

-electric) ^-f ^7^7 LN:5"f 

[0 0 3 9] *Ac, ©S^iHiLT, yr-^n-^V- 
7-4 (Fiber Grating) '^W.^'^W^ 
^tVrcyry^J^n— (Fabry-Perot) U— 

[0 0 4 0] -^-LT. eSISS^T-fA't 
LTSMFS:ffl^ifc3&^ y Dt"^ :x.A— v^a ^S^^ 
5^-yFT7T^'>''?(Non Zero Di spars i 
onShifted F i b e r : N Z D S F) , 1. 
5 5 tim'T^ 7./'^—i?3 yi^yy^^y H77^/N* (D i s 
persion Shifted Fiber:DS 

F) mcomm'hoimx'&^o 

[0 0 4 1] <f^2(Dmmm>^Aiz. *^bj(dm2©ii 
mmmiz-::>\,^Tmm-r?>. f^iommmTit. eitss© 

l/^Tfi, y-rXfcJ;oTB^*«;^tBT?^jftV>«^*ia& 
T'S)-?).. tctzLB' j^iZid^^TrnM^Z-^U-^^+^izm 

mytmtii¥±miimm^mijm(DOTDRi^^yf)wn 

\zrji-oT^^^!iiSy)^&^o B' ,^tC*JViT®S3tm;^<? 
±^<i:®e^ai:^B#«0 TD R 7*«W«r?a: 

w^iztt^^-cmmyt^-^u-^ma^-^artu^ 

[0 0 4 2] EI9tteSti^3 0 dB®,^T^D«.MO 
^*T?Bll^pJfi6;ftOTDR*fflt>T, -r-T. KjS4('*3tt 
SA!iS*^e,Bi^^TcDefl|J«**t4 0 dBWSMF^iSa 

n 1 oi^ss^ijiisnttc, m^^&miL lt 1 4 e 

3. SnmSr, -t^Ts h7t««i: UT«SllS7tJS*J: 0 t) 

1 3THzJ^iS&*5fg(,:i 1 5 6 2. 2 nm€:fflV^. Si!;® 
7t®ttl;^lA'7-^ 1 6 6mWiL/t. ®)e7t*^?ihL;t 

4^^{::*ittsB' .-ic^-rwejsa^^L' i<i:L, 
?t*m:'jLfcii*ji('*3tisB' .^*T©e»i«^*L' 

2<h-rs<i:. la 9 fC^-r<t ^ (C. L=3 0dB. L2 = 

2 5. 2dBTa&0, ^V>?iJ#iLT4. 8dB/&^^ 
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>mn^m2 8. 9dB/W5:#fc, 
[0 0 4 3] *IISg^jTtteilSS>'7'-fA-<i:bTSMF 

■i /"^ (No n Zero Dispersion Sli 
ifted F i b e r : NZDS F) , 1. SSjum 

xi' V3 >f>75^-y F^r'f /N* (D i s p e r s 
ion Shifted F i b e r : D S F) 

'z>\^^x^m-t^, mi(Dmmmt, ^T^hytmrn^mm 

M^J<h|s|— ©SMFt'*3ViT. 7^7. hTtzSS 1 5 5 0 . 
Onm^fflVi, ©e^tfeft 1 4 6 3 . 8 nm. IftS^m 
:'3/1'7-* 1 6 6mWtbfc«-&, ^V>?lJ#4. 6d 
B . y^>mn^m 2 7. 7 d B/W?:t#Ac, El 1 0 

[0 0 4 5] 2^|ISS^JT«ejili^7r'f>'N'<tL.TSMF 

y >-tfP7^^X/1— V?3>:7T-f/'\* (No 

n Zero Dispersion Fiber:D 
S F) , 1. 5 5 Mmr^^'XA— V3 >->>'5^->' 

(DispersionShifted Fibe 
r :DSF) ^©jgfflfe oTfilT^^o 
[0 0 4 6] <^ 4 ©*SS0iJ>:;^{'*^B^©^ 4 CD*J^ 

*3tiT, ■T^X hTtjSft 1 5 5 0 . Onm^rfflt^ Si^^ 
J^«1 46 3. 8 nm. S!(jE^ai;'3A'7— «r 1 6 6mW 
thtzm-^. ^V>?ijf#4. 6dB, ^V>fiJ»3«i^2 
7. 7 dB/Wi&f#fc, |5|i;<7=-Xhjfefil 5 5 0. 0 
nm^fflti, a^TtiSS 1 4 5 0 . 4 nm, m^^^ttit} 
/t"?- 1 6 6mWi:bfc«-a-, 7V>^iJt#5. IdB, 
5v>fiJ»3ai*3 0. 7dB/W<&#fc:. ^%^A,. ^ 

;i t t)"5jtiTa&s, @ 1 1 \t:^mmm<Dmm^&. 

[0 0 4 7] *||Sfi0iJT«eit!§7 7-l'A'tbTSMF 
y >-t:n7^^-X/1— >?3 >7r-f A* (No 
n Zero Dispersion Fiber:D 
S F) . 1. 5 5 Aim5^^XA— v'a >->:77=--y K:7r 
(DispersionShifted Fibe 
r :DSF) t¥©jgfflfcpJ«gT*-5. 
[0 0 48] <^ 5 O|ISS«BJ>*5§0JWll 5 W3lig0tJ* 



^W-w,-t^z.t.ifix^^. mi2\tsMF\z^vy^m^ 

7tife&1 4 6 3. 8 nm{C^-rs^T>fim7'n:7 7't' 

ti/-^u-\z^-oxmnm^mft^ti^. ':fu'7 7^)V<n 

A'aS{r@*©fe(7DT^So I1I12(7)^V> 
fiJtt-/D>'TfMS 1 5 5 0 nmlr2. 5dB©^V> 
fiJ»?:^bT</i^*t. 1 54 0nmTtt2 dBW5V> 

1 5 4 0 nm(7)7-7>?ij#34^tt 1 5 5 0 nm©2 
H-2. 5 = 0. 8^Ta5-5C:<h*^'^3;5^^, t*t?T. SSJS 
0111 tl^— ®S SMF{t:}3liT®SiS;fiS- 1 4 6 3. 8 
nm<i:Lfc«-&> ^2©*SS0!|©^**>e.. 1 5 5 0n 
mlC*5tt-5^V>fiJ#5a*«2 7. 7 dB/W-ea5-5*^ 
e., 1 5 4 0 nm(Ct5^t-5^V>fiJ#?5S^tt2 7. 7X 
0. 8 = 2 2. 2 dB/W<hmmf SCli:75^m*-5. 

[0 0 4 9] Sfc> *3^Sgfi»JT«ejiK:7r-1'A*tbT 
SMF?:fflVifc:*i> y >-fe*D5^^' XA-v'a >:7r'f a' 
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(57) [Abstract] 

[A subject] A subject of the invention is to provide a method for 
measuring gain efficiency on one end alone of a transmission line. 

[Solving means] A measuring method comprises steps of applying 
distributed Raman amplification to an optical fiber transmission line 
to amplify and transmit a signal light, adjusting the output of a 
pumping light entering the optical fiber transmission line, measuring 
the propagation loss of the optical fiber regarding both conditions 
when the output of the pumping light entering the optical fiber 
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transmission line is permitted and suspended using a test light from 
an optical time domain reflector (OTDR), and computing a Raman gain 
of the optical fiber based on the difference of the propagation losses 
between the above two conditions • 
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